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Behavior and performance patterns of a multi- 
disciplinary scientific team were studied during NASA's 1968 
CV-990 auroral expedition. 
Arctic flights combined real stresses, motivations, rewards 
and operational problems for the participating scientists, 
and offered an opportunity for exploratory study of how such 
teams might function in future space missions. 

This series of high-altitude 

This report summarizes the backgrounds of the 
mission members, the planning of the scientific program, the 
roles of the scientist and management-support teams, their 
living and working environments, and the behavior-performance 
patterns observed. 

The results indicate: 

a) Differences in personal backgrounds and mission 
objectives are reflected in group behavior patterns. 
Team members with similar backgrounds and mission 
roles are more likely to associate during off-duty 
periods, and tend to select each other for similar 
future missions. 

b) Conflicts may develop between a scientist's 
motivations and mission roles. These conflicts 
may reflect the need to coordinate with other 
experiments and the delegation of some planning 
capabilities to a management team whose scien- 
tific background may be less expert than his own. 

c) Sources of dissatisfaction within a mission are 
more like,ly to be aspects the scientist team con- 
siders to be important and flexible (e.g., schedules), 
than those that may be physically stressful, but 
Jess subject to control (e.g., weather constraints). - 
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1.0 INTRODUCTION 

Future  advanced manned space systems w i l l  d i f f e r  
s i g n i f i c a n t l y  from those i n  p a s t  programs. Many factors 
d i r e c t l y  invo lv ing  t h e  human be ings  w i l l  change, inc luding:  
i nc reased  s i z e s  of f l i g h t  teams; inc reased  d i v e r s i t y  of t h e i r  
s c i e n t i f i c  and t e c h n i c a l  backgrounds and f l i g h t  o b j e c t i v e s :  
i nc reased  mission du ra t ions ;  c l o s e r  approximations t o  
accustomed ear th-based l i v i n g  and working environments; and 
decreased  p r e - f l i g h t  per iods  f o r  t h e  s e l e c t i o n  and t r a i n i n g  
of i n d i v i d u a l s  and mission teams. I n  a n t i c i p a t i o n  of these 
developments, N A S A ' s  c u r r e n t  programs i n c l u d e  a v a r i e t y  of 
research s t u d i e s  on complex man-systems-environment fac tors ,  
aimed a t  opt imiz ing  t h e  Agency's c a p a b i l i t i e s  t o  des ign  and 
suppor t  such f u t u r e  systems. 

During January-March, 1968, teams of s c i e n t i s t s ,  
t e c h n i c i a n s  and suppor t  personnel  i n  NASA's  CV-990 Airborne 
Laboratory conducted two series o f  f l i g h t s  f o r  h i g h - a l t i t u d e  
a u r o r a l  obse rva t ions  from For t  Church i l l ,  Canada. Because of 
t h i s  e x p e d i t i o n ' s  s i m i l a r i t i e s  t o  p o t e n t i a l  manned space 
miss ions ,  NASA concurren t ly  s t u d i e d  t h e  s c i e n t i f i c  team's 
behavior  and performance characteristics under o p e r a t i o n a l  
cond i t ions .  A Bellcomm r e p r e s e n t a t i v e ,  N.  Z i l l ,  w a s  i n v i t e d  
t o  p a r t i c i p a t e  i n  t h e  f i r s t  t w o  weeks o f  f l i g h t s  and conduct 
psychologica l  s t u d i e s  of: (a) t h e  performance o f  s c i e n t i f i c  
a c t i v i t i e s  i n  remote s e t t i n g s  wi th  l i m i t e d  r e sources ,  (b)  
approaches t o  p r e d i c t i n g  and monitor ing t h e  e f f e c t i v e  perform- 
ance  of such a c t i v i t i e s ,  and (c) r e l a t e d  soc ia l  dynamics 
of isolated t e c h n i c a l  groups (Reference 1). 
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The r e s u l t s  were only p a r t i a l l y  analyzed a t  t h e  . t i m e ,  due t o  commitments i n  suppor t  of  NASA's  programs i n  
T e k t i t e  I and 11. Since  these  unpublished materials are 
s t i l l  o f  i n t e r e s t ,  t h e  w r i t e r  reviewed them w i t h  D r .  Z i l l ,  
now wi th  t h e  Univers i ty  C i ty  Science Center  i n  P h i l a d e l p h i a ,  
i n  o r d e r  t o  assess what had been done, ana lyze  and e v a l u a t e  
t h e  r e s u l t s ,  and i d e n t i f y  their p o t e n t i a l  re levance  t o  
c u r r e n t  i n t e r e s t s .  

This memorandum r e p o r t s  t h e  r e s u l t s .  The 
fo l lowing  s e c t i o n s  summarize t h e  behavior  and performance 
eva lua t ions ,  wi th  comments on t h e i r  i m p l i c a t i o n s  f o r  f u t u r e  
s t u d i e s  and f u t u r e  o p e r a t i o n a l  programs. They cover:  

(1) t h e  r a t i o n a l e  f o r  t he  p r e s e n t  i n v e s t i g a t i v e  
approach, 

( 2 )  t h e  characteristics of t h e  mission teams, t h e i r  
working and l i v i n g  environments,  and r e l e v a n t  
mission e v e n t s ,  

( 3 )  t h e  r e s u l t s  of the  p r e s e n t  behav io ra l  ana lyses ,  
and t h e i r  imp l i ca t ions  fo r  t h e  p lanning  and 
management of f u t u r e  space missions w i t h  teams 
of s c i e n t i s t s .  

2.0 METHODS AND MEASURES 

Under t h e  sub-Arctic f i e l d  cond i t ions  of t h e  p r e s e n t  
s t u d y ,  convent ional  l abora to ry  techniques could no t  be used 
f o r  several reasons .  I n  o rde r  t o  p l ace  t h e  r e s u l t s  i n  t h e  
a p p r o p r i a t e  p e r s p e c t i v e ,  it is impor tan t  t o  understand t h e  
factors t h a t  governed t h e  design and conduct of t h e  psycho- 
logical i n v e s t i g a t i o n s  i n  t h i s  f i e l d  s i t u a t i o n .  

2 . 1  I n v e s t i g a t i v e  Cons t r a in t s  

Seve ra l  concurrent  requirements  had t o  be sa t i s f ied .  
One set  r e l a t e d  t o  fundamental c r i t e r i a  f o r  s c i e n t i f i c  s t u d i e s  
w i t h  human s u b j e c t s .  These included:  (a )  i d e n t i f i c a t i o n  of  
p o t e n t i a l l y  s i g n i f i c a n t  v a r i a b l e s  i n  these s i t u a t i o n s  and 
t h e i r  i n v e s t i g a t i v e  p r i o r i t i e s  ; (b)  e s t i m a t i o n  of t h e  analy- 
t i c  s e n s i t i v i t y  of a l t e r n a t i v e  methods f o r  measuring t h e m ;  
(c) review of t h e  d a t a  f r o m  p r i o r  s t u d i e s  i n  s i m i l a r  s i t u a -  
t i o n s ;  etc. T h a t  is, t h e s e  requirements  covered t h e  b a s i c  
p l ann ing  of what t o  measure, how, and why. 
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Another set related to more specific problems. 
These included: (a) acquisition of all field data had to be 
feasible by one man for both the ground and inflight situations; 
(b) all needed materials had to be prepared within approxi- 
mately two weeks' lead-time, and (c) all observations had 
to be compatible with unhampered performance of the primary 
auroral investigations and mission support activities. 

important for two reasons. First, it severely limited the 
investigators' ability to design and implement a comprehen- 
sive coverage of all factors related to the study's objectives- 
-and the present data necessarily reflect those limitations. 
Second, in making comparisons with other studies or projec- 
tions to future investigations and operational support 
situations, these investigative methods and measures would 
not necessarily be selected if other sets of options are 
available. 

This second set of "real-world" constraints was 

The net effect is that this study must be considered 
only exploratory. These flights provided an opportunity to 
develop preliminary identifications of potential problems 
with minimal additional investment and withont interference 
with other scientific objectives, Fwther work will he re- 
quired to define the degree to which these findings hold 
for future space conditions. 

2.2 Investigative Methods 

Direct quantitative measures of levels of quality 
for scientific performance and research have so far proven 
elusive. This has been especially true with short-term 
measures. Prior investigations of scientific teams in remote 
and hostile environments have typically emphasized indirect 
measures of performance, by sampling objective and subjective 
data on the participants (e.g., activity logs and interviews), 
rather than direct measures of task variables or physiological 
parameters (e.g., task speed, power consumption, heart rate, 
etc). The reasons are twofold--the complexities of concep- 
tual definition and modeling, and the feasibility of non- 
interfering long-term measurement under operational conditions. 

Thus, even though measures of time, for example, 
are relatively standard for most activities, it is extremely 
difficult to assess whether an astronomer who takes a given 
amount of time to investigate topic A is also a better or 
worse astronomer than another who may take less time tor two 
studies of topic B. Similarly, it is exceedingly difficult 
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to try to identify and measure each individual's concurrent 
activities over extended periods, without excessive instru- 
mentation or interference with those activities. 

The dominant research strategy in prior studies, 
therefore, has been first to identify how individual and 
group behaviors and attitudes might interact within classes 
of laboratory and field situations, and then obtain and 
compare sets of events and activity records with the 
participants' backgrounds and reactions (see, for example, 
References 3-6). In the present study a participant-observer 
lived and worked alongside the other mission members, gathering 
in-situ information on their scientific and support activities 
during the mission. By combining this with real-time and post- 
mission feedback from the participants, plus the pre-mission 
development of the program, it was hoped to be able to improve 
our understanding of how these program elements affect one 
another. 

Figure 1 provides a schematic outline of the 
relatively separate evolution and development of the NASA 
CV-990 aircraft and its support facilities, the auroral 
instruments and experimental procedures, and the activities 
of the individual scientists during the pre-mission periods. 
The basic objective in the design of the airborne laboratory 
was to make it a flexible, general purpose, reusable facility 
that would be able to accommodate a wide variety of existing 
instruments, without extensive modification to them and with 
relatively short lead-times. In addition, it would require 
little or no special training or flight selection of the 
scientist team-members to assure they could safely use it 
(Reference 7 ) .  

For these initial auroral flights, the potential 

Approxi- 
inclusion of an investigation of scientific team performance 
was established in the final pre-mission period. 
mately two weeks' lead-time was available for all preparations. 
All selection of team members and overall program planning had 
been completed before this study could be begun. Accordingly, 
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the types of pre-mission information and background profiles 
that might have been taken earlier had to be obtained during 
the first days of the actual mission period. 

The following sections examine the relations 
indicated in Figure 1 in greater depth. They discuss the 
background profiles of the mission members, the roles of 
the scientist and management-support teams, their living 
and working environments, and the behavior-performance 
patterns observed, and the overall mission results. 

3.0 RESULTS 

The flight program succeeded in making the desired 
high-altitude observations and the auroral findings and 
related phenomena have been reported. (See Appendix A). 
The results of primary interest here are the behaviors and 
support activities that contributed to those findings. 
That is, given those successful products, we are interested 
in knowing more about the processes that helped produce them. 

3.1 Working and Living Environments 

The complex combinations of factors that significantly 
affect the probabilities of success in large-scale scientific 
activities may be conveniently grouped into three broad categor- 
ies: (1) the physical and psychological environments, (2) the 
personal and interpersonal characteristics of the participants, 
and ( 3 )  the particular sets of phenomena or events they en- 
counter. In actual operational situations, of course, their 
inter-relationships cannot be readily isolated. 

Table I summarizes the major characteristics of the 
sub-Arctic working and living conditions within this study. 
The primary points of interest here are that these conditions 
are generally less demanding than those that have existed in 
space missions to date, but more demanding that the partici- 
pants' usual home and laboratory environments. 

For example, referring to Table I-A, the 15 scientists 
had to work within a flying laboratory that permitted "shirt- 
sleeve" operations, similar to those being planned for future 
space facilities but modified by the aerodynamic accelerations 
and time-profiles of present jet aircraft. The instruments 



A. FLIGHT CONDITIONS- 

TABLE I 

SUMMARY OF WORKING AND LIVING ENVIRONMENTS 

VEHICLE: 

SAMPLE PERIOD: 

NO. OF FLIGHTS: 

FLIGHT HOURS: 

OPERATIONAL RANGE: 

OPERATIONAL ALTITUDES: 

OPERATIONAL SPEEDS: 

OPERATIONAL TIMES: 

CABIN CONDITIONS: 

STAB I L I Z AT I 0 N : 

COMMUNICATIONS 

VISIBILITY: ' 

PERSONNEL: 

NASA CV-990 AIRBORNE LABORATORY (4-ENGINE JET) 

JANUARY 16 - FEBRUARY IO, 1968 

PLANNED (131, ACHIEVED (9) 

PLANNED (64.0). ACHIEVED (34.25) - 3300 N. MI; - 7 HRS. MAXIMUM DURATION 

CEILING - 12.5 KM (k40K FEET) 

270 KNOTS (MIN.) AT 1.5 KM 
500 KNOTS (MAX.) AT 12.2 KM 

-2.0 HRS. AT 12.2 KM TO 6.3 HRS. AT 10.1 KM 

PRESSURIZED TO 2.4 KM AT CEILING 
TEMPERATURE: 18'C TO 23'C (k 1'C) 
RELATIVE HUMIDITY: -10% 

AUTOPILOT (+ 2' NOM.), PLUS GYROSTABILIZED EQUIPMENT AND 
IMAGING SENSORS 

CONTINUOUS MULTI-CHANNEL INTERCOM, PLUS 2-WAY GROUND CONTACT 

STANDARD SEATSIDE WINDOWS, 14' AND 65' ELEVATION VIEWING PORTS 

P, I. AND EXPERIMENT SUPPORT: 10 - 18/FLT. 
FLIGHT CREW AND SYSTEMS SUPPORT: 6 - 14/FLT. 
MANAGEMENT AND COORDINATION: 2 -  5/FLT. 
PASSENGERS 0 -  3lFLT. - TYPICAL COMPLEMENTS: 19 - 34 PEOPLE (40 MAX. CAPACITY) 



TABLE I (CONT'D) 

B. GROUND BASE CONDITIONS- 

BASE STATION: 

WEATHER CONDITIONS 

ACCESSIBILITY: 

COMMUNICATIONS 

PERSONNEL: 

PERSONNEL SUPPORT: 

a) LIVING: 

b) DINING: 

c) RECREATION: 

d) SHOPPING: 

e) HEALTH: 

TECHNICAL SUPPORT: 

FORT CHURCHILL RESEARCH RANGE, HUDSON BAY, CANADA 
( 7 O  BELOW ARCTIC CIRCLE) 

SURFACE TEMPERATURES TO -30°F 
SURFACE WINDS TO 50 MPH 

SUB-ARCTIC WINTER 

YEAR-ROUND AIR, RAIL, WATER AND SURFACE-ROAD ACCESS 

CONTINUOUS TWO-WAY MULTIPLE RADIO AND TELEPHONE LINKS; 
BUSINESS AND PERSONAL USE 

TYPICALLY SEVERAL HUNDRED U.S. AND CANADIANS 
MILITARY-CIVI L l  ANlSCl ENTl FIC-TECHNICAL-SUPPORT 

FACILITIES AND USE GROUPED BY MILITARY-CIVILIAN RANK AND 
WORK ASSIGNMENTS 

DORMITORIES, WITH 1 - 4 MAN ROOMS, LOUNGES, CENTRAL HEAT, 
TO1 LET AND BATH FACl LIT1 ES 

MILITARYSTYLE MESS HALLS; CONVENTIONAL FOODS 

GYM FACILITIES, MOVIES, RADIO, BOOKS, AND SOCIAL INTERACTIONS 
(NO BROADCAST TELEVISION) 

FULL RANGE OF ITEMS IN POST EXCHANGES 

INFIRMARY WITH MEDICALSURGICAL SERVICES ON BASE 

a) FULL FACILITIES AND PERSONNEL FOR FLiGHT EOUIPMENT INSTALLATlON/MAINTENANCE/ 
STORAGE 

b) FULL FACILITIES FOR GROUND-BASED EXPERIMENTS AND DATA SUPPORT 
(ROCKET AND BALLOON LAUNCH SITES) 
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they used for their auroral observations were essentially 
"off-the-shelf" models, including magnetometers, photometers, 
riometers, and spectrophotometers. The experimental proce- 
dures were essentially the same ground-based techniques with 
which they were already familiar. Neither required radical 
adaptation for these special operational environments, such 
as might be necessary for zero-g operations. 
teams, these experimenters did not experience any significant 
acceleration stresses during "launch" or return. The interior 
of the airborne laboratory was large enough to permit freedom 
of movement, with visual and verbal contact among the scien- 
tists as work periods permitted (Reference 8 ) .  Physical and 
psychological "isolation and confinement" were minimal, there- 
fore, and no participants reported any problems attributable 
to these factors. 

Unlike space 

The flight-team scientists themselves had proposed 
the topics of study they were pursuing, selected the appropriate 
instruments, and developed the operational procedures to attain 
their objectives. 
acceptability to each user were reasonably assured. 
flight teams, in short, represented a group of skilled and 
intelligent men, each of whom thoroughly understood what he 
was trying to do and was highly motivated to do the best 
possible job of it. 

As a result, maximum compatibility and 
The 

To a large extent each scientist also similarly 
understood the other onboard experiments and shared in the 
motivation for their success, since some of the data in 
their concurrent observations and flight-profile information 
were of mutual value. However, any problems or delays that 
developed within them could potentially affect the whole 
group's airborne time and flight profiles. Thus, these 
other experiments also represented constraints and conflicts 
if individual problems developed. 

Inflight activities covered scientific, technical 
and managerial tasks related to the conduct of each individual 
experiment, and to the overall success and safety of the flight 
(see Figure 1). The scientific teams' tasks included: 

a) Monitoring, maintaining, and "fine tuning" of their 
individual instruments. For example, in one of the 
experiments that used a scanning spectrometer, dark- 
count measurement calibration with a low brightness 
source, and recharging with "dry ice" between mea- 
surements, were performed each hour during the 
flight. 
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b)  Recording of supplementary d a t a ,  such as s i g n i f i c a n t  
a u r o r a l  even t s  and correlates f r o m  o t h e r  experiments ,  
e i t h e r  i n  logs  o r  on t h e  in s t rumen ta t ion  s t r i p  c h a r t s .  
R e a l - t i m e  readouts  o r  "quick look" c a p a b i l i t i e s  
g r e a t l y  f a c i l i t a t e d  monitor ing of changing a u r o r a l  
cond i t ions  and instrument  performance. 

I n  a d d i t i o n  t o  working w i t h  h i s  own equipment, each 
s c i e n t i s t  se rved  a t  one t i m e  o r  ano the r  as an  "aurora  s p o t t e r " .  
The s p o t t e r s  i n  t h e  cockp i t  a r e a  would advise and c o n s u l t  w i th  
t h e  o t h e r  experimenters  so t h a t ,  on t h e  b a s i s  of t h e i r  v i s u a l  
s i g h t i n g s ,  t h e i r  real-time eva lua t ions  of a u r o r a l  c o n d i t i o n s ,  
and d i s c u s s i o n s  wi th  t h e  management and f l i g h t  team, they  
could dec ide  how they  might modify t h e  e x i s t i n g  f l i g h t  p l a n  
t o  maximize t h e  y i e l d  of s c i e n t i f i c  d a t a .  F l i g h t  p r o f i l e s  
and t h e  p a r t i c i p a n t s '  real-time comments on sky cond i t ions  
w e r e  a lso recorded on intercom vo ice  t a p e s .  T h e  exper imenters  
l a t e r  r epor t ed  they  f e l t  t h a t  some of t h e  more impor tan t  
a u r o r a l  d a t a  r e s u l t e d ,  a t  l e a s t  i n  p a r t ,  f r o m  t h i s  real-time 
o p e r a t i o n a l  f l e x i b i l i t y  and f r o m  t h e  presence of s c i e n t i s t s  
t o  d i r e c t l y  observe t h e  v i s u a l  phenomena, spot-check m u l t i p l e  
ins t rument  r eadou t s ,  i n t e r a c t  w i t h  o ther  ongoing experiments  
and record  r e l e v a n t  supplementary d a t a .  

The i n f l i g h t  a c t i v i t i e s  of  t h e  NASA management- 
suppor t  t e a m  p a r a l l e l e d  those of the  s c i e n t i s t s  on a somewhat 
broader  scale. I n  a d d i t i o n  to  the d i r e c t l y  s c i e n t i f i c  suppor t  
t a s k s  a l r eady  mentioned, t h e  s t a t u s  of t h e  v e h i c l e  systems,  
- f u e l  supply ,  f l i g h t  cond i t ions ,  a v a i l a b i l i t y  of a l t e r n a t e  
f i e l d s  and t h e i r  f ac i l i t i e s  and suppor t  personnel ,  a l l  had 
t o  be monitored i n  o r d e r  t o  permi t  optimum real-time p lanning  
and response t o  t h e  s c i e n t i s t s '  r e q u e s t s  t o  modify f l i g h t  
schedules .  The s c i e n t i s t s '  views of these "real-world" 
c o n s t r a i n t s  w i l l  be d iscussed  la te r  i n  r e l a t i o n  t o  problems 
of l e a d e r s h i p  i n  planning and management of m u l t i - d i s c i p l i n a r y  
s c i e n t i f i c  missions.  

L iv ing  and working cond i t ions  a t  t h e  main ground 
s t a t i o n  (see Table I - B )  were moderately demanding. T h i s  w a s  
p r i m a r i l y  because of ope ra t iona l  f a c t o r s  a t t r i b u t a b l e  t o  t h e  
sub-Arct ic  w in te r  environment, rather t h a n  t h e  des ign  or use  
of t h e  f a c i l i t i e s  themselves. The Church i l l  T e s t  Range i s  a 
permanent base w i t h  e x c e l l e n t  r e sources  and t h e  l i m i t i n g  
behav io ra l  a s p e c t  of t h e s e  resources  w a s  t h e  s i t e ' s  remote- 
n e s s  ( i . e . ,  i t s  p h y s i c a l  d i s t a n c e  from main-land s i t e s ) ,  
rather than  any o p e r a t i o n a l  o r  social  i s o l a t i o n  ( i . e . ,  there 
w e r e  few l i m i t s  on resupply  o r  in format ion  exchange w i t h  t h e  
o u t s i d e  wor ld ) .  The  snow, g l a re ,  wind, and temperatures  
c o n s t i t u t e d  continuous hazards t o  both t h e  men and t h e i r  
equipment; bu t  advance planning and b r i e f i n g s  minimized . 



- 8 -  

t h e i r  o p e r a t i o n a l  impacts.  N o  s i g n i f i c a n t  complaints  about  
t h e  sub-Arctic weather or  l i v i n g  cond i t ions  w e r e  made by 
any team member i n  response t o  i n q u i r i e s  i n  t h e  p r e s e n t  s tudy .  

More a c t u a l  mission t i m e ,  by f a r ,  w a s  s p e n t  on 
The r a t i o  of ground t i m e  t o  t h e  ground than i n  t h e  a i r .  

f l i g h t  t i m e  w a s  planned t o  be approximately 9 .4 : l  ( 6 4  hours 
i n  13 f l i g h t s ,  du r ing  a 25-day p e r i o d ) .  The a c t u a l  r a t i o  
proved t o  be almost t w i c e  as high,  17 .5 : l  (34.25 hours  i n  
n ine  f l i g h t s ,  f o r  t h e  same p e r i o d ) .  This  r e s u l t e d  from 
problems wi th  t h e  CV-990 systems and some of t h e  experimental  
equipment. 
f a i l u r e  of cabin  p r e s s u r i z a t i o n .  The teams' r e a c t i o n s  t o  
such even t s  are d i scussed  la ter  i n  r e l a t i o n  t o  real-time 
management problems. 

v i t i e s .  I n  a d d i t i o n  t o  those  planning and suppor t  f u n c t i o n s  
i n d i c a t e d  i n  F igure  1, t h e  mission personnel  engaged i n  o f f -  
du ty  ac t iv i t i e s  cowerkng every th ing  f r o m  i n d i v i d u a l  rest and 
e a t i n g  t o  small-group s o c i a l i z i n g  (such as hold ing  " b u l l  
s e s s i o n s "  i n  each o t h e r ' s  rooms) and keeping i n  touch wi th  
t h e i r  o r g a n i z a t i o n s  and families by m a i l  and phone. Recre- 
a t i o n a l  faci l i t ies  (such as movies, gymnasium, and books) 
w e r e  available and w e l l  used. The food w a s  considered ve ry  
good, both i n  v a r i e t y  and q u a l i t y .  Assignment of l i v i n g  
q u a r t e r s  were based l a r g e l y  on work categories ( t o  minimize 
n o i s e  d i s tu rbances  due t o  d i f f e r e n t  teams of base and suppor t  
personnel  wi th  d i f f e r e n t  schedules) .  H e a t  and h o t  w a t e r  w e r e  
p l e n t i f u l .  Overall ,  t h e  inconveniences of t h e  q u a r t e r s  and 
pe r sona l  suppor t  f ac i l i t i e s  were considered minor and w e r e  
n o t  sources  of complaints .  To some e x t e n t ,  room-swapping 
t o  pe rmi t  s e l f -op t imiz ing  of roommates took p l a c e ,  and 
advance planning and mhnagemant e f f e c t i v e l y  provided f o r  
t h e s e  i n t e r p e r s o n a l  cons idera t ions .  

For example, one f l i g h t  had t o  be abor t ed  due t o  

Ground t i m e  dur ing  t h e  mission covered many act i -  

The p r e s e n t  d a t a  are n o t  exhaus t ive  and do n o t  
i n d i c a t e  any gene ra l  within-mission changes i n  these i n t e r -  
p e r s o n a l  p a t t e r n s  or  t h e  group 's  r e a c t i o n s  t o  t h e  personnel  
s u p p o r t  f a c i l i t i e s .  But, it i s  reasonable  t o  a n t i c i p a t e  
t h a t  some nega t ive  changes would probably occur  w i t h i n  these 
popu la t ions  e v e n t u a l l y  - if mission d u r a t i o n s  w e r e  s i g n i f i -  
c a n t l y  extended, or i f  ope ra t iona l  stresses (such as long 
s t r e t c h e s  of bad weather o r  equipment f a i l u r e s  r u i n i n g  
exper imenta l  p l a n s )  decreased t h e  mot iva t ing  rewards t h e  
men gained w h i l e  l i v i n g  and working i n  these environments. 
For a mission s t a y  of a l i t t l e  over  t h r e e  weeks d u r a t i o n ,  
t h e y  succeeded i n  accommodating t o  each o ther ,  and t o  t h e i r  
su r round ings ,  wi th  no genera l  d i f f i c u l t i e s .  
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To make t h e  mission s u c c e s s f u l ,  each of t h e  
s c i e n t i s t s  and suppor t  team members had t o  be a b l e  t o  do many 
t h i n g s  under demanding circumstances.  For example, t hey  had 
t o  be a b l e  t o  adapt  t o  t h e  un fami l i a r  o p e r a t i o n a l  environ- 
ments, coopera te  i n  performing t h e i r  own t a s k s ,  suppor t  each 
o t h e r  where necessary,  and r e so lve  p o t e n t i a l l y  c o n f l i c t i n g  
requirements  wi thout  compromising the i r  i n d i v i d u a l  and 
o v e r a l l  s c i e n t i f i c  o b j e c t i v e s .  However, t h e  p a r t i c i p a n t s  
w e r e  n o t  s e l e c t e d  on t h e  b a s i s  of  any pe r sona l  in format ion  
which eva lua ted  whether or n o t  they would be l i k e l y  t o  do 
a l l  t h i s .  I n  e f f e c t ,  they "came" w i t h  t h e i r  experiments. 
The i r  s e l e c t i o n  r e s u l t e d  from e v a l u a t i o n s  of the experiments 
they had proposed. Each experiment had been judged on i t s  
s c i e n t i f i c  q u a l i t y ,  and i t s  compa t ib i l i t y  w i th  t h e  overal l  
o b j e c t i v e s  of  t h e  Auroral  program and t h e  o p e r a t i o n a l  capa- 
b i l i t i e s  i n  t h e  CV-990 a i r c ra f t .  Except f o r  p r o f e s s i o n a l  
backgrounds, supp l i ed  wi th  these  experiment proposa ls ,  no 
informat ion  on t h e  p a r t i c i p a n t s ,  o t h e r  than c i t i z e n s h i p ,  
c l e a r a n c e  s t a t u s ,  and c l o t h i n g  s i z e s ,  w a s  sought  u n t i l  t h e  
miss ion  w a s  underway. 

The scheduled p a r t i c i p a n t s  p e r i o d i c a l l y  rece ived  
w r i t t e n  b r i e f i n g s  on each o t h e r ' s  experimental  p l ans  and t h e  
overal l  evolv ing  program, d e t a i l s  of t h e  o n - s i t e  working and 
l i v i n g  c o n d i t i o n s ,  and t e n t a t i v e  f l i g h t  schedules .  This 
i n fo rma t ion ,  p l u s  group-planning meet ings,  a l so  helped 
resolve pe r sona l  u n c e r t a i n t i e s  and f a c i l i t a t e d  the+deve lop-  
ment of a degree  of cooperat ion t h a t  could n o t  be e s t a b l i s h e d  
w i t h i n  t h e  o r i g i n a l  s c reen ing  and s e l e c t i o n  processes .  

- 

Table I1 provides  summary b iographic  and demographic 
p r o f i l e s  of t h e  2 4  i n d i v i d u a l s  who made up t h e  s c i e n t i f i c  teams 
(N = 15)  and m i s s i o n  suppor t  teams (N = 9 ) .  These pe r sona l  
d e s c r i p t o r s  w e r e  s e l e c t e d  because they  are o b j e c t i v e  f a c t o r s  
t h a t  can be r e a d i l y  i d e n t i f i e d  i n  pre-mission i n q u i r i e s  
w i thou t  s p e c i a l  t e s t ,  and a r e  also v a r i a b l e s  t h a t  p r i o r  
i n v e s t i g a t i o n s  have i n d i c a t e d  tend  t o  relate t o  s u c c e s s f u l  
performance wi th in  s m a l l  groups i n  s imi la r  remote o p e r a t i o n a l  
environments (See,  f o r  example, Reference 5 ) .  

Despi te  t h e  s m a l l  sample popu la t ions ,  s e v e r a l  
i n t e r e s t i n g  s imi l a r i t i e s  and d i s t i n c t i o n s  of p o t e n t i a l  i n t e r e s t  
t o  i n t e r p e r s o n a l  compa t ib i l i t y  are r e a d i l y  seen .  I n  both  
groups a l l  p a r t i c i p a n t s  w e r e  marr ied,  mature,  and r e l a t i v e l y  
W e l l  educated.  However, t h e  s c i e n t i s t  team w a s  t y p i c a l l y  
about  t e n  y e a r s  younger than  t h e  suppor t  team, and inc luded  
a h i g h  p ropor t ion  of PhD's ( 7  o u t  of  15)  w h i l e  t h e  suppor t  
team con ta ined  none. The personal  backgrounds of both  groups 
w e r e  s imi l a r ,  except  t h a t  a high p ropor t ion  of t h e  s c i e n t i s t  
t e a m  w e r e  foreign-born (5 o u t  of 15 )  compared t o  none f o r  
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the support team, and two-thirds of the scientists were first- 
born children while the proportion was approximately reversed 
in the support team. As for prior experience in field research 
or Arctic studies, both groups presented a mixed picture, with 
the support team being more heterogeneous than the scientists. 

Table I11 provides a comparison of the average age 
and experience backgrounds of each group of U.S. astronauts 
at the time of their selection (Reference 12). Both of the 
scientist-astronaut groups selected to date have been 
approximately the same average age as the other astronauts 
and as the scientists in the present study. In addition, 
the educational level of the present scientist team tends 
to match that of the scientist-astronaut groups, while the 
pilot-astronauts' education more closely matches that of 
the auroral support teams. On this admittedly small number 
of dimensions, it would appear that the backgrounds of this 
study's scientist teams are reasonably similar to the 
astronaut-scientists, and that their behavioral character- 
istics under these mission conditions may offer some forecast 
of the probable characteristics of future space scientist 
teams. . 

3 . 3  Behavior and Performance Patterns 

In these next sections, we will indicate in some 
detail how data on these teams behavior and performance were 
obtained and evaluated, and review the results. Our primary 
concern will not be to analyze the particular events and in- 
dividuals sampled in this study exhaustively, but to relate 
the information obtained to possible future earth-based and 
space-based scientific missions. 

The multivariate investigative measures used are 
From the multiple briefly described in the next sections. 

sources of data potentially available in a field study with- 
out special monitoring facilities or common test-tasks, a 
composite battery of measures was developed. The combined 
behavior-performance scores were subjected to a principal 
components factor analysis (Ref. 5 & 10) to reveal how the 
scores on the individual criteria related to one another 
and to the overall criterion set. Two principal factors 
emerged, reflecting differential behavior patterns among the 
scientist and non-scientist populations. Then, using the 
background profiles of the participants, estimated criterion 
scores were derived for each team member, within a multiple 
regression analysis (Refs. 5 & 10). The patterns of correla- 
tions of each of the personal descriptors with the composite 
behavior-performance scores defined by the two principal 
factors were also examined. 
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3.3.1 Multivariate Measures and Evaluation Methods 

Since almost infinitely many variables may influence 
human behavior in complex "real-world" situations the questions 
of what to measure, and how, must often be answered pragmatically. 
The basic problem is how to balance the donflicting require- 
ments of completeness (with greater complexity and effort) 
and simplicity (with possible loss of some descriptive and 
predictive capabilities). 

In this study, different types of data were derived 
from the pre-mission, mission, and post-mission periods. The 
following analyses combine: (1) the pre-mission biographic 
profiles, described in the preceding sections, (2) direct ob- 
servations and structured self-reports of within-mission be- 
havior, and ( 3 )  post-mission management ratings of how well 
each man performed his duties, adapted to the operational con- 
ditions, and interacted with the other team members. 

Other supplementary items ranged from inflight voice 
tapes of.communications among the scientific team members to 
personality and mood assessment materials. Their contribu- 
tirrns proved to be marginal because of methodological problems, 
such as the small and unequal sample sizes that resulted when 
many participants did not complete all parts of the forms after 
the mission. No systematic bias in the present conclusions 
could be identified from the omission of these secondary 
materials, either in terms of the profiles of the responding 
and non-responding populations or in the contents of the with- 
in-mission results. 

Table IV shows the combined sets Qf behavior-perfor- 
mance variables and personal profile descriptors, and Appendix 
B shows-the source materials from which they were derived. In 
the behavior-performance measures of Table IV-A, items 1-4 were 
derived from Form C in Appendix B. They were designed to ob- 
tain a variety of feedback from the mission managers, by having 
them rate each individual on positive and negative aspects 
of his mission work performance, personal adaptation, and inter- 
personal effectiveness with the other team members. Items 5 & 6 
(see Form D) represent each team member's nominations for those 
individuals he would personally like to have along on a similar 
expedition in the future, regardless of job category. Nominations 
by the scientists and non-scientists are listed separately 
to permit identification of preference patterns, such as 
whether both groups tended to select the same individuals or, 
if not, how they weighed personal backgrounds or behavioral 
characteristics in selecting possible teammates. 
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The remaining criterion variables were derived from 
direct observation, rather than by questioning the participants. 
Items 7 and 8 sample the socialization patterns at meal-times 
over a two-week observation period. Several factors influ- 
ence how well unobtrusive observation of meal-time association 
and seating patterns can partially assess gregariousness or 
within-group isolation patterns. They include the facts that 
everyone was not usually present at the same time, and that 
group sizes were limited by table size, although seating pat- 
terns could and did change during a given meal. The last 
variable, Item 9, brings in the possibility that any individual 
might fail to participate in some fraction of the scheduled 
flights; and that such absences could reflect operational, 
personal, or interpersonal problems. 

Multivariate evaluations are used to compensate for 
the fact that the important underlying factors in a given sit- 
uation may not be directly measurable. In fact, these factors 
may not even be known a priori. Pooling d a a  from a battery 
of measures sampling aspects of interest, we can examine the 
distribution of scores within the multidimensional space of 
these measures. If the data reflect significant features of 
the composite situation, scores will tend to cluster or form 
patterns that can be meaningfully related to similarities and 
differences in the people and conditions from which they were 
obtained. We can consider any dimension or vector through 
the multidimensional space of the individual measures as a 
possible "factor", and readily analyze the scores to obtain 
their projections, or "loadings", on any given set of "factors". 
If a few "factors" can be found to account for a relatively 
large proportion of the observed variance in the score dis- 
tributions, they may lead to a simpler model of the patterns 
in the data. "Principal components analysis" (Ref. 10) is a 
technique for constructing a sequence of "factors" such that 
each successively maximizes the proportion of remaining score 
variance for which its loadings can account. 
results to be useful, we must be able to interpret the "prin- 
cipal factors" as real factors in the situation under study. 

In order for the 

3.3.2 Results and Evaluations 

The score distributions were analyzed to determine 
their loadings on a series of linear axes, or principal com- 
ponent factors, projected through these distributions. (Ref. 10). 
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Six such factors cumulatively accounted for approximately 95 
percent of the total variance. 
to simplify the loading patterns of the individual measures 
was tested, but the resulting patterns tended to reflect the 
sources and methods of measurement from which they were derived 
(ratings, nominations, observations). The original unrotated 
factors therefore appear to present a more meaningful com- 
posite performance picture. 

Rotation of this factor array 

In particular, the first two principal factors 
seemed to provide a useful and interesting summary of the "true 
score" components within this set of rating-nomination-obser- 
vation measures. These two factors accounted for over 6 4 %  of 
the total score variance, and their loadings on the component 
criterion variables are shown in the columns of Table IV-A. 

The first factor seems to represent good mission per- 
formance and adjustment from a management-support team orien- 
tation, while the second may be interpreted as representing 
the scientist team orientation. These two factors, accounting 
for 42.2% and 21.9% of the total variance respectively, present 
some interesting similarities and differences. Overall, the 
patterns they reveal tend to support the reports by other in= 
vestigators that "compatibility, or fitting in with the group, 
is at least as important as job performance in the eyes of both 
leaders and peers" (Ref. 3 ) .  

If we examine the patterns of their loadings on the 
individual criterion measures, the first four criteria reflect 
what we would expect--both factors show loadings that are 
positive and approximately equal for the desirable aspects of 
work, cooperativeness and adjustment and negative loadings for 
undesirable behavioral symptoms, as measured by management 
ratings. However, their loadings on the last five measures 
tend to present contrasting patterns. 

zation with the management team, and with their nominations for 
participants in similar future missions. But it loads negatively 
and near-zero with regard to the same measures when related to 
the scientist team. As might be expected from management's 
viewpoint, it also weights negatively toward a team member's 
missing any flights for which he was eligible. 

Factor I weights positively toward mealtime sociali- 

Factor I1 shows a converse pattern. It weights 
positively for scientist team associations and nominations, 
and near-zero for management-support team nominations. 
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S u r p r i s i n g l y ,  t h i s  second s c i e n t i s t - o r i e n t e d  f a c t o r  d i d  n o t  
load nega t ive ly  on t h e  number of f l i g h t s  missed. A p o s s i b l e  
explana t ion  f o r  t h i s  may be found i n  t h e  r e l a t i v e l y  independent 
n a t u r e  of t h e  i n d i v i d u a l  experiments on t h e s e  f l i g h t s .  The 
r e s u l t  w a s  t h a t  t h e  s c i e n t i s t s  appa ren t ly  d i d  no t  tend t o  con- 
s i d e r  a p e e r ' s  missing a f l i g h t  t o  be as s i g n i f i c a n t  i n  t h e i r  
a t t i t u d e s  toward him as d i d  the  management team, who had t h e  
r e s p o n s i b i l i t y  f o r  maximizing mission p a r t i c i p a t i o n .  

Evalua t ions  w e r e  a l s o  made of how t h e  personal  pro- 
f i l e  d a t a  on t h e  22  m i s s i o n  members f o r  whom complete bio- 
g r a p h i c a l  and behavior-performance d a t a  w e r e  a v a i l a b l e  re- 
l a t e d  t o  t h e  b a t t e r y  of c r i t e r i o n  measures. 

Thei r  c r i t e r i o n  scores and pe r sona l  p r o f i l e s  w e r e  
used i n  a m u l t i p l e  r e g r e s s i o n  a n a l y s i s  (References 5 & 1 0 )  
of t h e  p r e d i c t a b i l i t y  of t h e  behavior-performance measures 
f r o m  t h e s e  b iog raph ica l  d e s c r i p t o r s .  L inear  r e g r e s s i o n  equa- 
t i o n s  w e r e  de r ived ,  i n  which weightings were determined f o r  
each of t h e  e i g h t  b iog raph ica l  d e s c r i p t o r s ,  and t h e s e  w e r e  
used t o  c a l c u l a t e  "p red ic t ed"  sco res  f o r  t h e  t w o  p r i n c i p a l  
c r i t e r i o n  f a c t o r s .  The c o r r e l a t i o n s  of t h e  i n d i v i d u a l  per-  
sona l  d e s c r i p t o r s  and t h e  overall se t  of m d l t i p l e  d e s c r i p t o r s  
wi th  t h e s e  scores are shown i n  Table IV-B.  

The c o r r e l a t i o n  of t h e  management-oriented measures 
(Fac to r  I )  wi th  a l i n e a r  combination of t h e  e i g h t  b i o g r a p h i c a l  
d e s c r i p t o r s  w a s  r=. 8 1  ( s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t h e  p<.05 
leve l  of  conf idence) .  The s i n g l e  most important  i n d i v i d u a l  
p r e d i c t o r  ( r = . 6 0 )  w a s  p r i o r  experience on s imi la r  exped i t ions .  
Age a l s o  c o r r e l a t e d  p o s i t i v e l y  ( r = . 5 7 ) ,  b u t  i n  t h e  r e g r e s s i o n  
equa t ion  t h i s  e f f e c t  w a s  apparent ly  submerged i n  t h e  r e l a t e d  
exper ience  v a r i a b l e  ( i . e . ,  t h e  o l d e r  men a l so  tended t o  have 
f i e l d  r e sea rch  expe r i ence ) .  I n t e r e s t i n g l y ,  p r i o r  A r c t i c  expe r i -  
ence d i d  n o t  correlate w i t h  t h i s  c r i t e r i o n  s c o r e  ( r = . O l ) ,  and 
i n  f a c t  t h i s  p r e d i c t o r  shows a nega t ive  weight ,  al though n o t  a 
s t a t i s t i c a l l y  s i g n i f i c a n t  one, i n  t h e  r e g r e s s i o n  equat ion.  
This  may ref lect  a "know-it-all" e f f e c t .  That i s ,  some o f  t h e  
s c i e n t i s t s  had considerably more A r c t i c  experience than t h e  
ntanagers themselves, and t h i s  l e d  t o  arguments over management 
d e c i s i o n s .  

r e l a t e d  r=.89 (pc.01) wi th  the  l i n e a r  combination of t h e  e i g h t  
b i o g r a p h i c a l  d e s c r i p t o r s .  The b e s t  i n d i v i d u a l  p r e d i c t o r s  were 
educa t ion  ( r = . 4 9 )  and both p r i o r  A r c t i c  exper ience  (r=.52)  
and p r i o r  f i e l d  r e sea rch  experience ( r = . 5 4 ) .  Thus t h e  sc i en -  
t i s t s  showed a d i f f e r e n t  p a t t e r n  from t h e  management t e a m  i n  
t h e i r  e v a l u a t i o n  of A r c t i c  experience (which usua l ly  meant 

The s c i e n t i s t - o r i e n t e d  measures (Fac to r  11) cor- 
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greater familiarity with Auroral phenomena as well) in addition 
to other field research experience. The stEonger positive re- 
lation to the education predictor seems straightforward, al- 
though it may be magnified by a general preference on the part 
of the scientists for other scientists (rather than management- 
support team members). A similar effect may be present in the 
birth-order predictor (r= - . 4 2 ,  i.e. first-borns tended to 
rate higher on the scientist-oriented measures) since the 
scientists were predominately first-born and the management- 
support team predominately later-born. 

In summary, these analyses indicate that behavior- 
performance evaluations derived from combined rating-nomina- 
tion-observation measures may be reasonably well predicted 
from pre-mission biographical data. However, the interrelations 
among these predictor and criterion measures are not invariant. 
Such variables as an individual's age, education, and specific 
forms of experience do not show simple positive relations to 
good mission adjustment and performance, and tend to differ for 
the management and scientist teams. In general, those mission 
members with similar personal backgrounds and mission roles 
are more likely to associate during off-duty periods, and also 
tend to nominate each other for similar future missions. 

3 . 4  Leadership in Multi-Disciplinary Scientific Missions 

Attitudes and personality characteristics of scientists 
may lead to leadership and management problems, since they are 
typically intelligent and independent individuals who tend to 
question authority and plans of action, especially in their 
areas of scientific interest. 

In a scientific field operation such as the Auroral 
expedition, which brings together individuals from many organi- 
zations for a limited time, clear-cut and traditional lines 
of authority do not exist. Many goals must be combined and 
differences reconciled. But, the managers of such an opera- 
tion have very limited power to control member behavior through 
customary boss-employee sanctions and more complex leadership 
patterns must evolve. This point was emphasized by the mission 
managers in a pre-mission interview: 
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" . . . A n  organization with so many aspects as this one 
depends on the cooperation of a l o t  of people over 
whom you do not have jurisdiction. People who don't 
work for me -- I have to get their cooperation. And 
this goes for the scientists, the ground crew, the 
contract people, people in the other divisions around 
here. It's an operation which no matter what the 
organizational lines are, it's almost meaningless. 
The crux of getting it going is your individual's 
cooperation, regardless of what the organizational 
lines are. That, I think, probably is the most 
important thing. I' 

Thus, the success of such an operation depends heavily 
on the common interests and goals of the participants, and the 
personal leadership qualities of those in charge -- a capacity 
to command respect, and ability to convince and persuade. 
Personal authority must substitute for institutional authority. 
"What you really need...is a scientist who really is like a 
Dr. Einstein. Who says, 'This is what we're going to do', and 
everybody bows down to him and says, 'All right, this is what 
we're going to do'. I' 

Studies of leadership qualities and techniques in 
small groups in emergencies or extreme conditions (Reference 9) 
have identified six ways in which a leader can reinforce his 
position in such field situations: 

1) demonstrating competence and expertness, especially 
in troubled situations; 

2 )  readiness to take risks and share discomfort; 

3 )  willingness to make decisions and take action; 

4) readiness to act outside authority; 

5) willingness to care for the men; 

6) willingness to require discipline. 

Several of these points were brought out by one of 
the managers when asked what he felt were the special qualities- 
needed by the people coordinating such expeditions: 
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'I.. .An a b i l i t y  t o  make d e c i s i o n s  i s  impor tan t .  A 
guy who's wishy-washy j u s t  won ' t  g e t  any p l a c e .  
g e t  a l o t  of t hese  people coming t o  you f o r  an answer, 
whereas they know the  answer b e t t e r  than  you do. But 
they need Daddy's p a t  on t h e  head before t h e y ' r e  
s a t i s f i e d . . . S o  t h e  var ious  f a c t o r s  t h a t  go i n t o  
l e a d e r s h i p  normally would apply here .  And one of 
them i s  t h e  a b i l i t y  to  make a d e c i s i o n ,  even i f  you 
d o n ' t  know what you ' re  t a l k i n g  about . "  

You 

This view should be tempered by a r e a l i z a t i o n  t h a t  
t h e  complexity of many of t h e  sc i ence - re l a t ed  management 
problems make it u n l i k e l y  t h a t  a spur-of-the-moment d e c i s i o n ,  
no matter how f o r c e f u l l y  s ta ted,  w i l l  always be accepted  as 
s a t i s f a c t o r y .  Furthermore,  Navy s t u d i e s  on t e c h n i c a l  teams 
i n  Antarctic s t a t i o n s  i n d i c a t e  t h a t ,  whi le  dec i s iveness  maybe 
a necessary  cond i t ion  f o r  e f f e c t i v e  l e a d e r s h i p  i n  such opera- 
t i o n s ,  i t  i s  n o t  s u f f i c i e n t .  

"There is a tendency t o  equate  se l f -conf idence ,  
a s s e r t i v e n e s s ,  and achievement mot iva t ion  wi th  
wi th  i e a d e r s h i p  ... Data f r o m  several s m a l l  s t a t i m  
groups i n d i c a t e  t h a t  t h e  more e f f e c t i v e  l e a d e r s  
(as judged by t h e  s t a t i o n  supe rv i so r s  and t h e  
men themselves) e x h i b i t  more emotional c o n t r o l ,  
f l e x i b i l i t y ,  and g r e a t e r  i n t e r e s t  and concern 
f o r  t h e  problems of i n d i v i d u a l  s t a t i o n  m e m b e r s  
t han  do t h e  less e f f e c t i v e  leaders. On t h e  
o t h e r  hand, t h e  more and less e f f e c t i v e  leaders 
t end  t o  be cha rac t e r i zed  e q u a l l y  by g r e a t e r  
se l f -conf idence  and achievement o r i e n t a t i o n  
than  are t h e  non-leaders . 'I (Reference 9 . ) 
I n  another  management i n t e r v i e w ,  examples of how 

l e a d e r s h i p  problems were d i r e c t l y  a f f e c t e d  by t h e  s c i e n t i s t s '  
a t t i t u d e s  wi th in  t h i s  miss ion ,  were p laced  i n  o p e r a t i o n a l  
p e r s p e c t i v e :  

' I . .  .By and l a r g e ,  they do n o t  have much understanding 
of t h e  o p e r a t i o n a l  p rob lems .  There are some excep- 
t i o n s ,  b u t  i n  genera l  they come up t o  you wi th  t h e i r  
s c i e n t i f i c  requirements ,  and t h a t ' s  t h e  purpose of 
t h e  miss ion ,  and they c a n ' t  understand why you c a n ' t  
go along wi th  a n  e ight-hour  f l i g h t  even though t h e  
f u e l  tanks  w i l l  only hold seven hours worth of f u e l "  
...( It  i s  n o t  s o  much a l a c k  of c u r i o s i t y  about  t h e  
o p e r a t i o n a l  a s p e c t s  of t h e  mis s ion ) .  . . - " r ea l ly ,  a 
l ack  of i n t e r e s t  about t h e  o p e r a t i o n a l  problems. 
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Oh, they want t o  know what w e ' r e  going t o  do, and 
l i t t l e  by l i t t l e  they l e a r n  t h e  l i m i t a t i o n s  -- you 
j u s t  c a n ' t  f l y  m o r e  than seven hours;  w e l l  maybe i f  
t h e  wind goes r i g h t ,  w e ' l l  g e t  seven-and-a-half. 
W e l l ,  they come t o  accept  t h e s e  t h i n g s .  But n o t  
wi th  any f r iendl iness - - -Rather  than  be happy t h a t  
w e  can provide  seven hours ,  t h e y ' r e  unhappy t h a t  w e  
c a n ' t  provide-seven-and-a-half  ... They look upon 
ope ra t ion  as a l i m i t a t i o n  and n o t  so much a s  a 
service...Now t h i s  i s n ' t  completely f a i r  t o  them. 
This  i s  t h e  case during t h e  ope ra t ion .  A f t e r  w e  g e t  
back, I ' v e  had some wonderful l e t te rs  t h a t  '1 appre- 
c ia te  how smoothly you've run t h i n g s '  and, ... a f t e r  
t h e y ' r e  over t h e  s t r e s s  of t h e  e x p e d i t i o n ,  they  
r e l a x ,  and t h e y ' r e  very a p p r e c i a t i v e  of a l l  we've 
done f o r  them i n  t h e  p a s t  few weeks." 

On t h e  maintenance of s c i e n t i f i c  appara tus  i n  t h e s e  
demanding f i e l d  cond i t ions :  

" . . .This  i s  something khat w e  had t o  l e a r n .  W e  went 
down wi th  i n s u f f i c i e n t  suppor t  c r e w .  W e  never 
thought  t h a t ,  af ter  spending e i g h t  hours i n  f l i g h t  
and b r i e f i n g s  and so  f o r t h  -- maybe even t e n  hours  
i f  t h e r e  w a s  a long f l i g h t ,  between t h e  b r i e f i n g s  
and eve ry th ing  w e  spend maybe a ten-hour day -- w e  
never  thought  t h a t  t hey 'd  come back a f t e r  d i n n e r  
and work another  f i v e  hours  t o  s t r a i g h t e n  o u t  some 
f a u l t y  power supply o r  something. But they do. 
They work l i k e  beavers.  They r e a l l y  work hard.  
Every p l a c e  else t h a t  we've been where t h e  weather 
has been good, they were working e igh teen  hours a 
day o r  more on t h e  a i r p l a n e .  W e  had t o  schedule  
s o m e  a i rc raf t  people around t h e  c lock .  Because any 
t i m e  of day o r  n i g h t  t h e s e  guys would show up and 
keep on working--adjusting and changing, f o o l i n g  
around. There ' s no s topping  them! I' 

3.5 S c i e n t i s t  Motivations and Role C o n f l i c t s  

. When w e  ask ques t ions  about what s c i e n t i s t s  do 
under given c i rcumstances ,  w e  a l so  i m p l i c i t l y  a s k  about what 
t hey  do n o t  do. I n  a l a r g e  expedi t ion  some behaviors  t h a t  would 
be a p p r o p r i a t e  i n  t h e i r  own l a b o r a t o r i e s  might have t o  be 
delegated t o  o t h e r s  o r  be coordinated w i t h  a -g roup .  Problems 
involved  i n  t h e  i n t e g r a t i o n  of m u l t i - d i s c i p l i n a r y  objectives 
can r e q u i r e  compromises t h a t  each s c i e n t i s t  must accep t ,  or 
a t  least  coopera te  w i t h ,  i f  t h e  combined mission i s  t o  achieve  
a l l  o f  i t s  g o a l s .  
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Each scientist is motivated to produce the best 
possible scientific results within his own experiment. This 
is a reasonable assumption. But the implications of this 
motivation can potentially conflict with the requirements 
imposed upon him by his role as an experimenter in a*multi- 
purpose mission. For example, a scientist's abilities to 
identify targets-of-opportunity may not stop-after plann- 
ing decisions have been made, but his abilities to respond 
to them may change drastically. When his scientific habit 
patterns must be changed, or his autonomy relinquished, the 
potential for dissatisfaction and role conflicts increases. 
As these Auroral flights developed it became quite clear 
that just such a situation existed. 

Extensive pre-mission coordination and briefing 
materials had been given to the flight teams, which carefully 
described the extent and reasons for the limitations on 
the management team's abilities to modify plans in real-time. 
This was done in order to optimize the preflight planning 
and prepare the scientists to accept the conditions they 
would experience during the mission. These efforts were 
not totally successful since considerable dissatisfaction 
with parts of the flight plans was expressed during the 
mission phase. 

Figure l-B indicates the within-mission concerns 
of both the management and experiment teams, and it can be 
seen that considerable overlap exists between them. Pro- 
blems developed which had to be reconciled according to 
,the best available options. For example, one of the 
original flight experiments (Fabry-Perot interferometer) had 
to be shifted to a ground station after problems with its 
operation in the aircraft threatened to delay the other 
experiments. Planned flights in coordination with high- 
altitude rockets also proved to be more difficult than had 
been anticipated. This involved a precision of flight path 
that was time-consuming,and potentially hazardous if the rocket 
aim was not perfect. It was also not considered equal in 
interest to "Aurora-chasing" by most of the experimenter team. 
These points were discussed by the managers and the scientists, 
and attempts were made to incorporate alternative flight pro- 
posals offered by the scientist team as a group. 

The experimenters tended to persist in the planning 
functions to which they had contributed in the pre-mission 
phases, and considerable within-mission re-evaluation and 
bargaining was attempted. However, the scientists were not 
as attuned to the multiple constraints as the NASA management 
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team, and they often suggested operational modifications 
which could not be granted for reasons they considered 
extra-scientific (See Appendix C). Since the experimenters 
proposed things which they considered scientifically valid, 
and reasoned that the entire purpose of the expedition was 
scientific, it took considerable skill and leadership to 
balance all these factors and still maintain the respect 
and cooperation of the participants (See previous section). 

These points are well summarized in the Circular 
Letter to the experimenters (See Appendix C) which the 
Airborne Science Office distributed after the first series 
of flights had been completed. Post-mission discussions 
with the participants indicated that, typically, after 
the stress of the missions was past, the apparent need to 
compete for "optimized" schedules subsided and the scientists 
commented favorably about the devotion and skill demonstrated 
by the management-support team under admittedly difficult 
field operation conditions. Thus, these were apparently short- 
term situation-specific behaviors and did not interfere with 
full information exchange and cooperation in the post- 
mission phases. 

4.0 SUMMARY AND COMMENTS 

This study was exploratory and necessarily limited 
in scope. A more comprehensive investigation of how the many 
variables that affect human performance in groups of this 
size combine and interact in non-laboratory operational 
situations would have required much more time, resources, 
and investigative personnel than were available. 

Within these limitations, however, such operational 
investigations yield additional insights into the nature of 
the problems of planning the activities and supporting the 
personnel who participate in multi-disciplinary scientific 
missions. The results, although less statistically "tidy" 
than might be obtained in controlled simulations, embody 
"real-world" behavioral factors which are difficult, if 
not impossible, to adequately simulate - i.e., real rewards, 
stresses, motivations, conflicts, and operational reactions. 

These CV-990 auroral flights combine many elements 
that are analogous to those in shuttle sortie missions. Ac- 
cordingly, the selection,planning and coordination procedures 
now developing through the use of NASA's Airborne Laboratory 
represent the best available models of the effectiveness with 
which such future space efforts are likely to accomplish 
their scientific objectives. 
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Behavior and performance factors have been empha- 
sized in this report, rather than problems specific to the sub- 
Arctic station or to the engineering and design of the flight 
vehicles or experiment instruments. Well established tech- 
niques exist for identifying, attacking and resolving problems 
in those areas. Problems of leadership and mission management 
are less well defined, less well documented, and therefore 
more likely to persist as sources of potential scientific 
failure in future missions. 

The present data indicate: 

a) Direct observations and evaluations of situational 
behavior patterns among the participants in scientific 
missions can reveal stresses, conflicts, and effects 
of management techniques that may not be fully anti- 
cipated or designed into formal test instruments. 

b) Judgments by the participants of how well 
scientific team members function tend to reflect 
large socio-psychological components, especially when 
the scientific products themselves cannot be readily 
evaluated during the mission. 

Individuals with similar backgrounds and mission 
roles are more likely to associate during off-duty 
periods, and to nominate each other for similar 
future missions. 

c) Sources of dissatisfaction tend to be those 
program elements the participants feel are both 
important and amenable to change (e.g., scheduling) , 
rather than those which are physically stressful, 
but not changeable (e.g., sub-Arctic winter weather). 
When equipment design and selection have been largely 
determined by the participants, they do not tend to be 
perceived as significant within-mission problems to 
those users. 

d) Behavior in scientific missions may reflect 
conflicts in the participants' motivations and 
mission roles. 

Motivational conflicts may be attributed to the degree 
to which different experiments and program goals 
constrain one another and require compromise of the 
individual experimenter's possible results. 
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R o l e  c o n f l i c t s  may reflect  a p e r s i s t e n c e  i n  real-time 
d a t a  e v a l u a t i o n  and planning func t ions  t h a t  an  i n d i v i d u a l  
i n v e s t i g a t o r  c a r r i e s  over from h i s  ground-based l a b o r a t o r y  
work p a t t e r n s .  They can a lso be p a r t l y  a t t r i b u t e d  t o  t h e  
s c i e n t i s t ' s  r e s e r v a t i o n s  abou t  d e l e g a t i n g  such d e c i s i o n s  
t o  a management team whose o b j e c t i v e s  inc lude  elements 
he may n o t  cons ider  equa l ly  impor tan t  and whose sc i en -  
t i f i c  background is less e x p e r t  t han  h i s  own. E f f e c t i v e  
team l e a d e r s h i p  and  real-time planning must a t t empt  
t o  ba lance  a l l  t h e s e  f a c t o r s  i n  o r d e r  t o  maintain 
optimum feedback and t e a m  coopera t ion .  
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APPENDIX A 

The fol lowing papers  a r e  a sample of t h e  s c i e n t i f i c  
r e s u l t s  ob ta ined  from t h e s e  missions.  
p resented  a t  a "Symposium on Resul t s  of t h e  1968 Airborne 
Auroral  Expedi t ion" i n  t h e  50th Annual Meeting of t h e  American 
Geophysical Union, Washington, D. C . ,  A p r i l  13 ,  1 9 6 9  

These papers  w e r e  

(STA88) 
Louis C.  Haughney 
Michel Bader 

NASA Ames Research Center, 
Moffett Field,  Calif. 

(STA89) 
S.-I. Akasofu 

Geophysical I n s t i t u t e  
College, Alaska 

(STA90) 

E . J . L l e w e l l y n  
H.C. Wood 
A . V a l l a n c e  J o n e s .  

P h y s i c s  Dept .  
Univ.  o f  S a s k a t c h e w a n  
S a s k a t o o n ,  Canada.  

( *  N O W  a t  R a d i o  C E l e c -  
t r i c a l  E n g i n e e r i n g  
Div .  N a t i o n a l  R e s e a r c h  
C o u n c i l ,  
O t t a w a ,  O n t . ,  C a n a d a ) .  

The NASA 1968 Airborne Aurora and Airglow Expedition. NASA organized and managed an 
expedition t o  the a r c t i c  region t o  observe auroras and airglow from i ts  airborne labora- 
tory, a modified Convair 990 'four-engine jet  a i r c r a f t .  Based primarily a t  t he  Churchill 
Research Range, Manitoba, t he  a i r c r a f t  made nineteen f l i g h t s  a t  a l t i t u d e s  up t o  40,000 
f e e t  over northern Canada and Alaska a s  follows: 
Churchill t o  Alaska in constant l oca l  time along a p a r a l l e l  of geomagnetic l a t i t ude ;  
r e tu rn  in accelerated local t i m e ;  north-south survey from Churchill t o  the geomagnetic 
north pole along a geomagnetic meridian; and f l i g h t s  timed fo r  coordination with the  
OGO-IV s a t e l l i t e  both when overhead and when a t  th'e a i r c r a f t ' s  magnetic conjugate point. 
The fourteen par t ic ipat ing experiments from un ive r s i t i e s ,  industry, and government agen- 
c i e s  included spectrophotometers, photometers, an all-sky camera, a riometer, and a 
sagnetnmeter. 
tude. which gave freedom from cloud cover and access t o  the infrared;  and second. t he  
mobility, which permitted covering about 8' of l a t i t u d e  per hour or, a l t e rna t ive ly .  
following auroral  phenomena in constant l o c a l  time. 
January-March, 1968. the au ro ra l  a c t i v i t y  was generally quiet. 
index Kp was only 2- during the  f l i g h t  times. 

within and across the  auroral  oval; 

The unique advantages of t he  airborne observations were f i r s t ,  t h e  a l t i -  

During t h e  airborne expedition, 
The average magnetic 

Auroral Observations by the Constant Local Time Fl ight .  The concept of the auroral  
substorm was t e s t ed  and confirmed by observing auroras from a j e t  plane f lying t w i c e  
westward from Churchill, Canada t o  Fairbanks. Alaska. 
ed approximately in the l a t e  evening and midnight sectors  fo r  more than 5 hr .  Two 
aurora l  and polar magnetic substonus were observed during the f i r s t  f l i g h t  and one 
during the second f l ight .  Both auroral  and magnetic conditions before and a f t e r  the 
substorms were quiet .  

For each f l i g h t  t he  plane remainr 

The a u r o r a l  e m i s s i o n  o f  t h e  i n f r a r e d  a t m o s p h e r i c  s y s t e m  o f  oxygen .  

The i n t e n s i t y  o f  t he  a u r o r a l  e m i s s i o n  o f  t h e  i n f r a r e d  a t m o s p h e r i c  o x y g e n  
a t  1 . 2 7 ~  h a s  b e e n  measured w i t h  a two c h a n n e l  i n t e r f e r e n c e  f i l t e r  
p h o t o m e t e r  f l o w n  on t h e  NASA A i r b o r n e  A u r o r a l  E x p e d i t i o n .  The p r e -  
a u r o r a l  measurements  i n d i c a t e d  a l a t i t u d e  i n d e p e n d e n t  n i g h t g l o w  
i n t e n s i t y  o f  lOOkR a n d  t h e  a u r o r a l  m e a s u r e m e n t s ,  which were  made u n d e r  
v a r y i n g  l e v e l s  o f  a u r o r a l  a c t i v i t y ,  h a v e  b e e n  compared a g a i n s t  t h i s  
n i g h t g l o w  i n t e n s i t y .  The o b s e r v a t i o n s  i n d i c a t e  t h a t  t h e  i n f r a r e d  oxygen 
e m i s s i o n  i s  o n l y  s i g n i f i c a n t l y  e n h a n c e d ,  a p p r o x i m a t e l y  ZOOkR, i n  i n t e n s e  
a u r o r a  when t h e  oxygen g r e e n  l i n e  i n t e n s i t y  i s  g r e a t e r  t h a n  ZOkR. The 
a p p a r e n t  c o r r e l a t i o n  o f  t h e  two e m i s s i o n s  h a s  p e r m i t t e d  a d e t e r m i n a t i o n  
o f  t h e  l i f e t i m e  of t h e  e x c i t e d  s t a t e  a s  a p p r o x i m a t e l y  1 0 0  s e c o n d s .  I t  
i s  shown t h a t  t h e  d i f f e r e n c e  be tween t h e  a u r o r a l  l i f e t i m e  a n d  t h a t  
r e p o r t e d  f o r  t h e  t w i l i g h t  e m i s s i o n  may b e  e x p l a i n e d  i n  terms o f  q u e n c h i n g  
by  a t o m i c  o x y g e n ,  if t h e  e x c i t a t i o n  mechanism i s  t h r o u g h  low e n e r g y  
e l e c t r o n s .  
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(STA91) 
K. A. Dick 
II. M. Crosswhi te  
G. G. Sivjee 

Johns Hopkins Univ., Bal- 
t imore .  Md. 

(STA92) 
W .  E .  S h a r p *  
M. H .  Rees 
C .  A .  B a r t h  

L a b o r a t o r y  f o r  Atmo- 
s p h e r i c  and Space  
P h y s i c s ,  U n i v e r s i t y  
o f  C o l o r a d o ,  Bou lde r  
(*NASA P r e - d o c t o r a l  
T r a i n e e )  

(STA93) 
T. D. Parkinson 
E. C. Zipf 
T. M. Donahue 

The Univ. of Pittsburgh, 
Pittsburgh. Pa. 

Airborne  Measurements  of 01, o,, and OH Nightglow Intensit ies.  The  1968 Airborne 
Auro ra l  Expedition made seve ra l  f l ights outside the a u r o r a l  zone. During these flight4 
nightglow emiss ions  w e r e  studied using a o e m e t e r  E b e r t  spec t rophotometer  which 
SCaMed the reg ion  nX = 12,600 1 to 14, 000 1 with o r d e r  sor t ing f i l t e r s  designed t o  pass 
e i the r  second or  fourth order  f ea tu res .  
6364 1 l i nes  and the OH Meinel bands (6 , l )  and (7,2). 
tained bands of the O2 Herzberg  sys tem.  Spectral  s c a n s  were s u m m e d  in a Fabr i -Tek  
ins t rument  computer  for 16 minutes  (64 s c a n s )  with one set of f i l t e r s ,  the m e m o r y  
dumped onto s t r i p  cha r t  r e c o r d e r s ,  and the procedure  r epea ted  for the  a l t e rna te  order. 
Intensit ies of the f ea tu res  recorded  are presented  and plotted against  geographic lati- 
tude and loca l  t ime. 
f i l t e r  wheel photometer b re  sighted with the spec t rophotometer .  
a l s o  monitored N2+ 3914 1, enabling detection of a u r o r a l  contribution to  the nightglow 
spec t rum.  

The second o r d e r  range  included 01 6300, 
The fourth o r d e r  reg ion  con- 

The intensity of 01 5577 1 is a l s o  presented  as obtained from a 
This  photometer 

S p e c t r o p h o t o m e t r y  of Auro ra  and Ai rg low f rom a n  A i r c r a f t .  A 112 
meter E b e r t - F a s t i e  s p e c t r o m e t e r  was one  o f  s e v e r a l  i n s t r u m e n t s  a b o a r d  
NASA 7 1 1  d u r i n g  t h e  late O i n t e r ,  e a r l y  s p r i n g  o f  1968. From f o u r  f l i g h t s  
a t  low and m i d d l e  l a t i t u d e s ,  t h e  H e r z b e r g  I band s y s t e m  o f  0 2  i n  t h e  n e a r  
W and t h e  [OI] 5577 A l i n e  were mapped f rom 12' N ( i n v a r i e n t  l a t i t u d e )  
t o  t h e  a u r o r a l  o v a l .  The two e m i s s i o n s  c o - v a r i e d  o u t s i d e  t h e  a u r o r a l  
o v a l .  S e v e r a l  f l i g h t s  i n t o  t h e  p o l a r  c a p  d u r i n g  m a g n e t i c a l l y  q u i e t  
p e r i o d s  showed t h a t  t h e  Herzbe rg  I s y s t e m  was b r i g h t e r  t h a n  a u r o r a l  
rniissions i n  the 3000 1 t3 4000 s p e c t r a l  r e g i o n .  Very h i g h  t i m e  r e s o -  
l u t i o n  s p e c t r a  o f  t h e  a u r o r a  i n  t h e  n e a r  W were u s e d  t o  s t u d y  t h e  rela- 
t i v e  p h o t o n  e m i s s i o n  r a t e s  of t h e  N2 (2  P )  and N2 (VK) b a n d s .  
o c c a s i o n s  t h e  a i rcraf t  f l e w  a l o n g  t h e  p a t h  o f  t h e  OGO-D sa t e l l i t e  t o  
a t t e m p t  c o o r d i n a t e d  e x p e r i m e n t s .  The r e s u l t s  f rom one  c o o r d i n a t i o n  are 
u s e d  t o  map t h e  spec t rum o f  an a u r o r a  f rom 1 2 0 0  t o  4100 A. 

On s e v e r a l  

Phase and Amplitude Studies of the 13914 and 15577 Emission in Pulsating Auroras. 
A dual photometer continuously recorded the intensities of the 13914 N2+ first negative 
emission and the 15577 oxygen green line. Data was taken during the 1968 NASA Airborne 
Auroral Expedition. Analysis by numerical integration of the continuity equation for 
the O(lS) species, using the 13914 as a source function, shows the phase lag expected 
for the .75 sec lifetime of the O ( ' S )  state. but the slightly reduced amplitude at 
pulsation peaks is significant. This data is entirely consistent with a low altitude 
dissociative excitation (of 0 2 )  source, which contributes about 90 per cent, and a high 
altitude dissociative recombination (of O,+) source which contributes about 10 per cent 
to the total green line intensity. 

(STA94) 

G. J. Romick Relative Intensi ty  Measurements of A u m r d  Nz', Nt and 01 Bnissions. During t he  
1968 NASA Airborne Auroral Expedition, the Geophysical I n s t i t u t e  operated a multiwave- 
length scanning p h o t m p r  on board the  NASA Convair 990 a h r a f t .  Observations of 
the 4278 (N2 1, 5000 (N ) and 5577 L O 1 1  amm1 emissions w e r e  m d e  under d i f f e r e n t  
a-1 conditions.  
as the  aircraft flew under them. 
l a t i t u d i m l  var ia t ions of the various emissions within the  individual auroral  forms. 
the  data on discrete  a m q l  a?ps  of I < 10 kR -lysed so far, no appreciable d i f f e r -  
en$es,exist between the Nz , N 
N2 /N changes with intensi ty .  
t i v e  c m p s i t i o n  of the  n e u t m l  a m s p h e r e  and the per t inent  exci ta t ion mechanisms 
w i l l  be discussed. 

Geophysical In s t . ,  h i v .  
of Alaska, College, 
Alaska 

Many d i f f e ren t  types of auroral  forms w e r e  scanned in zeni th  angle 
This in fomat ion  can be used t o  invest igate  the  

Of 

and 01 l a t i t u d i n a l  p ro f i l e s .  
Interpretat ion of these e f f ec t s  with regard t o  the rela- 

However, the  mtio of 



- A3 - 

(STA95) 
R. D. &&e, Jr. 
D. P. SiDler 

I n t e r f e r a n e t r i c  study of Auroral 01 15577 and x6300 U e  Shaws. A presave tuned, 
photoelectr ic  recording Fabry-Pemt interferometer  has beem used to observe the shapes 

Manfred A. Mona o f  the k5577 and A6300 01 &rsl Unes while aboard the HASA Convdr  990 and from b e  
Physics apt., Unlv. of ground at For t  Churchill. &ci ted  atcan temperatures have been determined fman eighty- 
Pi t tsburgh,  Pi t tsburgh,  Pa. five A5577 and t h i r t y  16300 h e  p r o f l l e s  analyzed on t h e  bas i s  of a gausslan emission 

h e  convolved With the expected instrumental function. Temperatures range frcm 120% 
t o  900% for t h e  green l l n e  w i t h  t h e  bulk c lus te red  around 400%. 
range is 800% to  1600% v l t h  t h e  majori ty  c lose  to 1000'K. On one night the red  h e  
has been followed h.am Mlight through a period of high ac t iv i ty .  
from an early evening value c lose  to UXX)'K to a stable level near 800% and rose again 
above lOOO'K in t h e  post breals-up phase of  the aurora. 
s h i e s  i n  the 15577 b e s  have been noted. 
motions i n  t h e  emitting Layer w i t h  wlnd v e l o c i t i e s  of the order of 100 m/sec indicated. 
In some cases  there  appears to be  a cor re la t ion  between visual motion of aurora l  forms 
and wlnd direct ion.  

For the r e d  I l n e  the  

Temperatures f e l l  

On severa l  occasions b p p l e r  
p l i s  e f f e c t  is a t t r i b u t e d  to bulk gas 

(STA96) 

Geophysical Institute 
College, Alaska 

bckheed P& Alto 
Research lab. 

SI. Akasofu 

RH. Eather 
J.N. &dbuy 

Pal0 Alto, calif. 

(STA97) 

Lockheed %search Iab. 
Falo Alto, Cal i fornia  

R. H. Eather 

(STA98) 
J. N. Bradbury 
E. C. Jokl 

Lockheed Palo Alto 
Research Iaboratoxy 
Palo Alto, Cal i fornia  

(STA99) 
Ernest J. I u f e r  

NASA Aines Research Center 
Moffett F ie ld ,  Cal i f .  94035 

'Axe A ~ J U X I ~ ~  of tne tiydrpcen Ixission ( i @ )  i n  the Westward "mveliru: Surge. 
shorn that a westward trawling s q e  observed on March 3, 1968, w a s  associated with 
an electrcn f l u  of order I, x lO9/cmz sec,  w h i l e  t h e  H8 dssion vas absent (cZR). 

It is 

It 
LS suggested that the e1ecq-m flu mt i tu t e s  an upward (field-aligned) el+ 

. ar ren t  fnm the surge, w h i c h  is tne western end of the a m m l  electrojet. 

Short-Period Auroral Pulsations in  1630 01. ~6300 01 pulsat ions with quasi- 
periods of 2 t o  - 20 seconds have been observed i n  p u l a a t h g  auroras. The percentage 
modulati$n was only 0.03 - 0.95, compared t o  modulations of up t o  a i n  A5577 01 and 
~4278  N2 . 
occur lower i n  t h e  atmosphere and so are associated h i th  more energet ic  e lectrons.  
Pulsation heights can be deduced only if the  quenching coef f ic ien ts  are known. 

Quenching rates  are derived, and these show t h a t  shorter-period pulsat ions 

Riometer Measurements During the  MASA 1968 Auroral Expedition. A multifrequency 
riometer system was flown on t h e  NASA 711 j e t  a i r c r a f t  during the  1968 auroral  expedi- 
t ion .  
few minutes t o  two hours. 
as indicated by photometric measurements. 
encountered i n  operating an aircraf t -based riometer system is presented. 

A t o t a l  of seven absorption events were observed with durat ions ranging from a 
The events were general ly  associated with auroral  breakup 

A discussion of the resu l t6  and problems 
1 '  

Results of an Airborne Geomagnetic Survey above 58'N Latitude. The 1968 Airborne 
Auroral Expedition included a f r e e  proton precession magnetometer and d i g i t a l  recording 
system having an absolute accuracy of tl gama.  
f i e l d  were made along some 20,000 miles of f l i g h t  path above l a t i t u d e  58'N and i n  the 

Scalar  prof i les  of the geomagnetic 

v i c i n i t y  of the geomagnetic North Pole. 
values  calculated using harmonic analysis  coef f ic ien t  s e t s  from two compilations. 

' liminary analysis  indicates t h a t  the CSFC (12/66) coef f ic ien ts  provide closer  f i t  t o  t h e  
experimental da ta  than those provided by the  new Internat ional  Geanagnetic Reference 
F ie ld .  A new method for  accurately removing the magnetic f i e l d  contr ibut ion of the  a i r -  
c r a f t  from the experimental da ta  is described in d e t a i l .  

The experimental data has been compared t o  
Pre- 
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To f a c i l i t a t e  t h e  d isseminat ion  of informat ion  
r e l a t e d  t o  p a s t  programs and t h e i r  s c i e n t i f i c  f i n d i n g s ,  t h e  
Airborne Science Of f i ce  m a i n t a i n s  a l i s t  of r e l e v a n t  pub l i -  
c a t i o n s  (Reference 11). However, t h e  formal ties between 
t h e  program management and each group of p a r t i c i p a t i n g  
s c i e n t i s t s  do n o t  normally cont inue long beyond t h e  missions 
themselves.  Therefore, i t s  accuracy and coverage of l a t e r  
p u b l i c a t i o n s  depend t o  a large degree on informal  cont inu-  
a t i o n  of t h e  r appor t  and l e a d e r s h i p  q u a l i t i e s  e s t a b l i s h e d  
du r ing  t h e  m i s s i o n  phases.  

T h e  cover l e t te r  for  t h e  l i s t  of papers  f r o m  prev ious  
programs, inc luded  i n  the b r i e f i n g  materials supp l i ed  t o  t h e  
p a r t i c i p a n t s  i n  t h e s e  f l i g h t s ,  i l l u s t r a t e s  t h e s e  p o i n t s .  I t  
s a i d  i n  p a r t ,  " I f  t h i s  compilation s p u r s  you i n t o  working up 
and pub l i sh ing  any dus t -ga ther ing  CV-990 r e s u l t s ,  w e  w i l l  send 
you a free snapshot  of t h e  a i r c r a f t  and a hero  medal. More 
impor tan t ,  w e  w i l l  add your name'to t h e  roster of those  
s c i e n t i s t s  whose work t r u l y  j u s t i f i e s  t h e  t i m e ,  e f f o r t ,  
and money s p e n t  by NASA i n  support  of t h e i r  programs". 



APPENDIX B 

Structured personal questionnaires, logs and mana 
ment evaluation forms provided the primary sources of data 
within this study. These test batteries were designed to 
elicit the desired breadth of behavioral information from 
the participants in brief and largely self-administered 
formats based upon materials that had been used in previous 
similar investigations (Refs. 2 and 5). 

ge- 

The data for the statistical analyses and behavioral 
evaluations were largely derived from the following 
sources : 

A. Pre-Mission Biographic and Demographic Profile - 
(Answered individually by each team member) 

BACKCRO'JND INFORMATION 

1. Name, I n s t i t u t i o n ,  T i t l e :  

2. Age (Date  o f  B i r t h ) :  

B i r t h p l a c e  and Hometown ( i f  d i f f e r e n t ) :  

3. M a r i t a l  S t a t u i  ( i n c l .  c h i l d r e n ) :  

4. Previous Exper i ence  and Educat ion:  

a.  Degrees ,  I n s t i t u t i o n ,  s u b j e c t  a r e a :  

b. Previous A r c t i c  experience:  

c .  Other  f i e l d - r e s e a r c h  exper ience :  

5 .  Number o f  s i b l i n g s :  

Were you t h e  l s t ,  2nd, 3rd .... c h i l d ?  

6. Up t o  t h e  time when you were 18 y e a r s  o l d ,  roughly how 
many times d i d  your  family move i t s  r e s i d e n c e ?  
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B. In te rv iew by Behavioral  I n v e s t i g a t o r  - 
(Summary i t e m s  recorded on a l l  p a r t i c i p a n t s  i n  t h e  
ear l ies t  p r a c t i c a b l e  s t a g e s  of t h e  mis s ion ) .  

PERSONAL INTER= 

OUTLINE PRE-EXPEDITION 

1. Name: 

2.  B r i e f  e s c r  p t i o n  of  experlment  or d u t i e s :  

3. Impor tance  of work, t o  s e l f ,  and t o  f i e l d :  

4. What are you l o o k i n g  forward t o  most a b o u t  t h e  e x p e d i t i o n ?  

5. What are you most concerned or a p p r e h e n s i v e  a b o u t  on t h e  
e x p e d i t i o n ?  

6. What p e o p l e  on  t h e  e x p e d i t i o n  d i d  you know w e l l  b e f o r e ?  

7 .  Any problems so f a r  w i t h  equipment ,  l o g i s t i c s ,  o r  manage- 
ment ( r e a c t i o n  t o  o r g a n i z a t i o n ,  r u l e s  c o n d i t i o n s ) ?  

8.  P e r s o n a l i t y  Impressions:  
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C. Post-Mission Manaqement Ratings - 
(Rat ings obta ined  from both  NASA Mission Managers on a l l  
o t h e r  p a r t i c i p a n t s )  

Name of person  
b e i n g  e v a l u a t e d  

R a t e r  

RATING SHEET 

I f  you f e e l  you have not  observed  th'e person  enough 
any of t h e  f o l l o w i n g  q u e s t i o n ? ,  mark " N . I . "  f o r  no I n f o r n a t i o n .  

1. 

t o  answer 

How w e l l  h a s  h e  c a r r i e d  o u t  h i s  r e s p o n s i b i l i t i e s  and per -  
formed h i s  own d u t i e s ?  

Inadequate ly  Adequately Well V e r y  Well E x i e p t i c n a l l y  

2. H e  has c o o p e r a t e d  With t h e  o t h e r  members o f  t h e  e x p e d i t i o n :  

Dcf ia r i t  l y  Grudgingly I n d i f f e r e n t l y  W i l l  i n g l y  Enthusla:  t i c a l l y  

3. H i s  o v e r a l l  ad jus tment  t o  l i f e  on t h e  e x p e d i t i o n  c o u l d  be  
d e s c r i b e d  b e s t  as: 

Rough A s t r u g g l e ,  S l i g h t l y  Smooth E x c e l l e n t  
b u t  a s u c c e s s f u l  Choppy 

one 

4. Has t h i s  p e r s o n  e x h i b i t e d  t h e  c h a r a c t e r i s t i c s  l i s t e d  below? 
Mark " N "  f o r  no s i g n ,  If'' f o r  some d e g r e e ,  and "JJ" f o r  
s u b s t a n t i a l  i n d i c a t i o n  o f  t h e  f o l l o w i n g  f e e l i n g s  and be- 
h a v i o r s .  

Tension,  nervousness  __ 
I r r i t a b i l i t y ,  f a u l t f i n d i n g  - Repeated a c c i d e n t s  - 
Depress ion  - 
Worry, a n x i e t y  - 
Preoccupat ion ,  I n c r e a s e d  d r i n k i n g  
absent-mindedness  - 
Lack o f  i n t e r e s t ,  d r i v e  __ 
F a t i g u e  - 

Rule b r e a k i n g  - 

Decreased p e r s o n a l  c l e a n l i n e s s  - 
Frequent  compla in ts  - 
I n c r e a s e d  smoking - 
S o c i a l  wi thdrawal  - 
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D. Post-Mission Peer Nominations and Self-Ratinqs - 
(Answered individually by each team member) 

Name: 

1. On t h e  b a s i s  of  your  e x p e r i e n c e s  d u r i p g  t h i s  s e s s i o n  of  
t h e  e x p e d i t i o n ,  who, from t h e  members of t h i s  s e s s i o n ,  
would you l i k e  t o  have w i t h  you on a n o t h e r  s i m i l a r  ex- 
p e d i t i o n ?  L i s t ,  i n  o rde r  of p r e f e r e n c e ,  t h e  f i v e  p e o p l e  
you would most p r e f e r  t o  have a l o n g .  Don' t  b e  concerned  
a b o u t  r e p r e s e n t i n g  a l l  j o b s  o r  p o s i t i o n s  i n  your  l i s t ,  
j u s t  p i c k  t h e  f i v e  you would p e r s o n a l l y  most l i k e  t o  have 
a l o n g .  

1. (most p r e f e r r e d )  

2 .  
3 .  
4 .  
5 .  

2. How w e l l  do you t h i n k  you y o u r s e l f  performed on  t h e  
e x p e d i t i o n ?  

V e r y  __ - _____ Poor ly  Not All Well 
t o o  r i g h t  w e l l  
w e l l  

3 .  I f  you had your  c h o i c e ,  would you go on a n o t h e r  s i m i l a r  
e x p e d i t i o n ?  

wouiT go Would go Would g o  
e n t h u s i -  

Would 50 Would 
r a t h e r  b u t  w i t h  w i t h  some 
not go major  r e s e r v a t i o n s  as t i c a l l y  

r e s e r v a t i o n s  
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E. Post-Mission Scientist Attitudes - 
(Answered only by members of scientist teams) 

Name : 

1. How much wor thwhi le  d a t a  d i d  you c o l l e c t  on  t ; . io  s e s s i o n ?  

__-____ 
A r e a t  Somewhat About Sonev:hat A g r e a t  
d e a l  less l e s s  t h a n  . what I more t h a n  d e a l  more 
t h a n  ex-  e x p e c t e d  expec ted  expcc ted  t h a n  ex- 
p e c t e d  p e c t e d  

2 .  Do you f e e l  t h a t  you d e r i v e d  any s c i e n t i f i c  i n s i g h t s  a b o u t  
a u r o r a l  phenomefia f ron  d i r e c t  2art:c:pation I n  t h e  expedl -  
t l o n  (as  opposed t o  g c t t l n g  your  d a t a  l n d : r e c t l y ) ?  
b r i e f l y ,  i f  p o s s i b l e .  

D e s c r l b e  

3. Was t h e  p r e s e n c e  of t h e  o t h e r  exper imenters  and t h e i r  appa- 
r a t u s  h e l p f u l  o r  d i s t r a c t i n g ?  

4 .  What unexpec ted  phenomena o c c u r r e d ?  Did you have t o  make 
a d j u s t m e n t s  I n  y o u r  e q u i p z e n t  o r  p l a n s  because  of  such  
phenomena? 

- .  

5. Would you make major  changes i n  equipment f o r  a n o t h e r  
s u c h  s e s s i o n ,  g i v e n  t h e  o p p o r t u n i t y  and means? h k a t  
s o r t ?  

6 .  I n  what ways would you l i k e  t o  s e e  t h e  o r g a n i z a t i o n  and 
management of t h e  e x p e d i t i o n  changed? 
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F. Daily Personal Log - 

(Answered individually by each 'team member. Supplied 
bound in a pocket-sized log, with a separate page for 
each mission-day.) 

Date : Time : Place :  

1. Below i s  a l i s t  o f  words d e s c r i b i n g  d i f f e r e n t  k inds  o f  
moods and f e e l i n g s .  I n d i c a t e  how you f e e l  TCDAY by p l a c -  
i n g  a d a s h ,  check o r  t w o  checks n e x t  t o  each  word. 

- = NOT AT ALL ' 4 = SOMEI.!HAT JJ= VEROYblUCH 

SLIGHTLY . GENERALLY 
GI: 

C h e e r f u l  
F e e l i n g  b l u e  
Uneasiness 
Energe  t 1 c 
Angry 
s 1 ugg i s !? 
Rad dreams 
F e e l i n g  l o n e l y  

Relaxed Pounding h e a r t  
I r r i t a t e d  Nausea 
E n t h u s i a s t i c  F a t  i g u e  
J i t t e r y  D i f f i c u l t y  f a l l i n g  a s l e e p  
Headaches Waking up a t  n i g h t  
Upset s t o s a c h  
P a i n  (where?)  D i s t r a c t e d  (by what?)  

P.. . e r s l e e p i n g  

2.  P e r s o n a l  o b s e r v a t i o n s  (phenomena obse rved ,  i d e a s ,  d a t a  
c o l l e c t e d ) :  

3 .  My major  compla in t s  today were: 

4. My major  s o u r c e s  o f  s a t i s f a c t i o n  today  were: 

(Use back  o f  page f o r  f u r t h e r  Comments) 
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G. Codings of Personal Descr ip tors  - 
(Coded by Behavioral  I n v e s t i g a t o r  - See Table  11) 

I t e m  ' Codings - 
A g e  (Years) l - n  
Education 1= 
(Highest Grade Completed) 2= 

c) S i z e  of H o m e  Town 

Location of H o m e  Town 

Childhood Mobil i ty  
(Number of Fami ly  Moves 
t o  Age 18) 

Number of S i b l i n g s  

B i r t h  Order 

Marital S t a t u s  

P r i o r  Arctic Experience 

Other  F i e l d  Research 
Experience 

3= 
4 s  
5= 
6- 
7= 
8= 
9= 

lo= 
1= 
2= 
3= 
4 3  
5= 
A= 
B= 
C= 

D= 
E= 
F= 

G= 
H= 
I= 
J= 

9 t h  Grade 
10 th  Grade 
11 th  Grade 
H.S. Graduate 
1-2 years College 
3-4 years College 
Bachelor ' s  Degree 
Degree + Graduate Work 
Master's Degree 
Ph.D. o r  M.D. Degree 

Rura l  
V i l l age :  C 5K 
Town: 5K - 50K 
C i t y :  50K - 500K 
C i t y :  > 500K 

M e . ,  N.H., V t . ,  R . I . ,  Conn., Mass. 
N.Y. ,  Pa. ,  N . J . ,  D e l . ,  DOC.  
Va . ,  N.C., S.C., F la . ,  Ga. ,  
A l a . ,  M i s s . ,  La. 
W.Va., Ky., Tenn., Ark., Moo 
Ohio., Mich., Ind., Ill., Wisc. 
Iowa, Minn., N.D., SOD., 
Nebr., Kans. 
Tex., Okla., N.Mex., Ar i z .  
Colo., Ida., Mont., Nev., Utah, Wyo. 
C a l i f . ,  O r e . !  Wash., Alaska, H a w a i i  
Other - Foreign 

O - n  

O - n  
1= F i r s t b o r n  
2= Laterborn 

0- S i n g l e  
1= Married 

O= None 
1- Some 
2 s  Extensive 
0s None 
1.1 Some 
2= Extensive 
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NASA - AMES RESEARCH CENTER 
Moffet t  F i e l d ,  C a l i f o r n i a  

1968 AIRBORNE AURORAL EXPEDITION 

CIRCULAR LETTER TO EXPERIMENTERS 

1 4  February 1968 

It has come t o  my a t t e n t i o n  t h a t  a number of t h e  experimenters  f e e l  
t h a t  a g r e a t e r  number of f l i g h t s  and more a t t e n t i o n  t o  i n d i v i d u a l  experi-  
menters '  f l i g h t  p a t t e r n  requirements should have been p o s s i b l e  dur ing  our 
f i r s t  t h r e e  weeks a t  For t  Churchi l l .  Some of t h e  comments and sugges t ions  
were made by letter, and i t  is  no t  p o s s i b l e  t o  answer them a l l  i n d i v i d u a l l y  
and i n  d e t a i l .  
t h e  i n d i v i d u a l s  involved,  I have decided t h a t  i t  w i l l  b e  u s e f u l  t o  se t  
s t r a i g h t  a number of f a c t s  and ope ra t iona l  procedures through a c i r c u l a r  
l e t te r  t o  a l l  experimenters.  

Af t e r  reviewing the  correspondence and t a l k i n g  t o  most of 

F i r s t  of a l l ,  i t  is  q u i t e  c l e a r  t h a t  a l l  members of t h e  o p e r a t i o n a l  
s t a f f  (management, f l i g h t  crew, ground crew) cooperated f u l l y  and worked 
t o  t h e  utmost l i m i t  of t h e i r  phys ica l  s t r e n g t h  and a b i l i t y ,  o f t e n  
providing suppot t  beyond t h e  c a l l  of duty,  and even sometimes t ak ing  
chances on t h e i t  personal  s a f e t y .  
requirements  were f u l l y  taken i n t o  account.  
i t  is  i n e v i t a b l e  t h a t  no t  everyone could be s a t i s f i e d  a t  the  same time, 
but  f l i g h t s  were scheduled t o  meet a l l  requirements ,  even those  p e c u l i a r  
t o  a s i n g l e  experiment. 
and a i r c r a f t  mechanical problems forced t h e  c a n c e l l a t i o n  of some of t h e s e  
f l i g h t s .  

It is  a l s o  clear t h a t  a l l  experimental  
S ince  these  sometimes c o n f l i c t e d ,  

It is  a matter of record ,  of course,  t h a t  weather 

'Our c a p a b i l i t i e s  ( p a r t i c u l a r l y  a i r c r a f t  range,  frequency of f l i g h t s ,  
and l ead  times f o r  f l i g h t  p a t t e r n  dec is ions)  were made known be fo re  t h e  
expedi t ion .  Furthermore, t h e  crews a r e  a l l  experienced expe r t s  i n  t h e i r  
f i e l d ;  f o r  example, t h e  p i l o t s  are engineers  w i th  yea r s  of a e r o n a u t i c a l  
r e sea rch  e x p e r h n c e ,  i n  a d d i t i o n  t o  ex tens ive  t r a i n i n g  i n  handl ing a l l  
types  of a i r c r a f t  and, i n  some cases ,  s e v e r a l  y e a r s '  experience i n  t h e  
a r c t i c .  

I am extrdmely disappointed by the  a t t i t u d e  of a number of t h e  
s c i e n t i s t s  who Seem t o  assume t h a t  they understand t h e  ope ra t iona l  
i n t r i c a c i e s  of a four-engine j e t  t r a n s p o r t .  
is q u a l i f i e d  uo judge whether a . p a r t i c u l a r  f l i g h t  is f e a s i b l e  and what 
i t s  s a f e  maximum dura t ion  can be on a p a r t i c u l a r  day. 
p r i n c i p a l  f a c t o r s  must be taken  i n t o  account:  
weather  condi t ions  en rou te  and a t  te rmina l  ( inc luding  a l t e r n a t e s )  ; 
approach and naviga t ion  a i d s ;  runway cond i t ions ;  a i r c r a f t  mechanical 
s t a t u s ;  a l l  e f f e c t s ,  such as on f u e l  load and consumption, of t h e  
p rev ious  fou r  items; phys ica l  condi t ion  of both t h e  f l i g h t  and t h e  
ground crews; sho r t -  and long-range management problems (e.g. ,  ava i l a -  
b i l i t y  of funding f o r  overt ime work, c o n t r a c t u a l  agreements, i n t e r n a t i o n a l  
agreements,  et@.). 

None of t h e  experimenters  

The fol lowing 
p resen t  and a n t i c i p a t e d  
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Typica l  of t h e  suggest ions made t o  us  was t h a t  we inc rease  t h e  f l i g h t  
frequency by adding a p i l o t  t o  our s t a f f .  For your information:  a )  We 
would need two a d d i t i o n a l  p i l o t s ,  as w e l l  a s  a d d i t i o n a l  ground suppor t ,  
f l i g h t  engineers ,  nav iga to r s ,  e tc . ;  b)  Our a l r eady  l imi t ed  manpower was 
f u r t h e r  s t r a i n e d  by the  r e c a l l  t o  a c t i v e  duty of one of our p i l o t s ;  
c> U n t i l  about two weeks ago, t h e r e  w a s  a ques l ion  as t o  t h e  a v a i l a b i l i t y  
of funding fox! Session 11. 
under t h e  s t r a i n  of s eve re  c u t s  i n  both f inances  and manpower. 

Surely you are aware that  NASA i s  ope ra t ing  

The experimenters  are  not  i n  a p o s i t i o n  t o  comment on the  types  of 
problems l i s t e d  i n  the  above two paragraphs,  nor on such o the r  problems 
as t h e  choice  of an ope ra t ing  base. These problems were l i s t e d  t o  
i l l u s t r a t e  some p o i n t s  and t o  make you aware of a few of t h e  complexi t ies  
of an a i r b o r n e  expedi t ion .  The Expedition Manager takes  the  u l t i m a t e  
r e s p o n s i b i l i t y  f o r  such dec i s ions  as schedul ing  and assignment of f l i g h t  
o b j e c t i v e s ,  a f t e r  due consu l t a t ion  wi th  experimenters  and ope ra t ions  
personnel .  We emphasize t h a t  w e  do need t o  know t h e  s c i e n t i f i c  
j u s t i f i c a t i o n s  f o r  your f l i g h t  requirements ,  s o  t h a t  we have t h e  proper  
i n p u t s  f o r  t h e  o v e r a l l  management and o p e r a t i o n a l  dec is ions .  

You may test  assured  t h a t  t he  e n t i r e  team w i l l  cont inue  i ts  e f f o r t s  
t o  get  t h e  matinum s c i e n t i f i c  r e t u r n  w i t h i n  i t s  o p e r a t i o n a l  c o n s t r a i n t s  
(manpower, fumds, a i r c r a f t  range,  e tc . ) .  We ask ,  i n  r e t u r n ,  your under- 
s t and ing  and eooperat icr .  t o  he lp  achieve our goa l s  more harmoniously. 

[ S i g n a t u r e  D e l e t e d ]  
Chief ,  Airborne Science Of f i ce  
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